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(5-1 FORMATION METHOD OF SILICON OXIDE FILM 

. 5" "Abstract: 

VI 'K !> f >S!"{. Ti- rmm a silicon oxide film wliicli is small in ;m l >H content 
jinmr ;:nd excellent in moisture penneahihtv pi c\ - ciHi:ijj; properties and 
O'nU'it with a high oftsei. 

O )NS ll'l'l ."HON: A mixed jzas of mi oxidizing gns containing olkoxy sihmc 
and r\ Jmgen i- introduced, thereby forming n silicon oxide him having an 

I : v.:iJ:ng ivsed on a plasma C'VD met lied This uuikes r. possible in 
maiv/iiciuiv a semiconductor device having ;i high density and high reliability 
nuilliia\cr wiring at low cost. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This J.vLinvni lias been translated by computer. So the translation may ivx ref.ect the :gin;:l precisely 

2 shows the word which can not be masked 
3. In the drawings, anv words are not translated 



l)H Aii.HD DESCRIPTION 



j! )ct..::ed De.-v: ipiion of the Invention | 

| Industrial Application] this invention rehiles to the manufacture method of a silicon oxicie and relates to the formal :on method In 
the C>'D i*!' the silicon oxide which insulates between '.lie vertical wiring layers in the nniHiiaycr interconnection o!\i 
veinieo-."Jucii , r device especially. 

;De>eiption of the Prior Art] In formation of the silicon oxide for semiconductor devices by CVD. the mono si lane Sil 14; has 
been '-seJ as u raw material from the former. However, in connection with the Jcnsiftcatm:: of a large-scale integrated circuit 
i LSI i ire pattern size turned minutely, it became the stage where now submieron processing was perfonned. and some trouble 
has arisen. To; example, it is SiH4 although the size of a wiring interval is becoming indispensable ( the embedding of the L|tiutit> 
instil at iv layer to the portion into which the ratio [aspect ratio j of the depth (height of wiring ) to between wiring exceeds I | h\ 
suhnueron one m the manufacture process of a nv.i hi Liver imerconnection. It is raised to such a detailed slot and die detailed level 
ditfeivr.ee section of a high aspect ratio with the used CVD liiat sufficient insulator layer formation cannot be perfonned. 
Moreover, if n is going to dare applv. the problem of aluminum wiring being corroded a:u! disconnected in permeation ol the 
moisture ir. 'in a portion in which the short circuit during wiring and emering nature were inferior will arise Moreover. Sil 14 
When oxvgcn (02) and the nitrous oxide (N20) of a oxidizing gas are contacted, it is also a problem that :t reacts easily and i> 
easy i.» eeneratc particle, Moreover, SiH4 It is self-ignition nature gas which will burn if ordinary temperature describes air. and 
when it mixes with ****** gas, it is a dangerous material which has explosivilny. This SiH-J If in charge of use. employment 
wine: fon::cd the facility in alignment with the regulations about a specific high pressure gas. and look care of safety enough must 
he pe i- Miiied. and the cost for it is also by no means cheap. 

[urn • ; Above SiH[s)4 In order to conquer the fault of the used plasma CVD method, a :e'.raelh> 1 ortho silicate (henceforth, 
'flit iS) is SlH4. It has come to be used as a changing raw material. The silicon oxide formed by the plasma CVD method using 
TEOS is SifK Excelling [ and ] the case where it uses in level difference covering nature. TEOS is a comparatively safe ruw 
material which self- ignition nature does not have, either. 

|i M. ; low-ever, the silicon oxide formed by the plasma CVD method using TEOS has suf left the problem by compactness, the 
transparent prevention property of moist ure. am! the con ten l OH radical weight. SiH4 Compared with t lie si 'icon oxide which 
used .is :he source and was fonned hv the plasma CVD method, water resistance is inferior. Si-] 1 combination hardh exists in a 
film. b ( .i this is considered because there arc comparatively many ( H I bases. Moreover, pohirily is large and a content OH basis 
enlarges the dielectric constant of a silicon oxide Although ( >H basis can be reduced and a precise silicon oxide can be obtained 
if heal treatment of about 600-800 degrees C can be perfonned afier film formation by lite plasma CVD method using TEt )S. 
since aliiminum svstem wiring deteriorates, il is inapplicable. Furthermore, w hen it was going to form the fluid silicon oxide on 
the silicon oxide formed by the plasma CVD method using THUS by the CVD which use.l an alkoxidc and ozone, such as TE< >S. 
there was a problem that a generation film front face served as the configuration where :rregulanl\ is intense, or the so-called 
ground dependency, like dispersion in the thickness of a generation film becomes large became remarkable. 
10(>(>5j 

|lYobkin(s) in be Solved by the Invention] The purpose of this invention is to offer the formation method o| the si. icon oxide 
wine;- wa> excellent in the Hat nature which solves simultaneously die technical problem about the reduction or the removal, and 
the w aterproo! 'improvement in OH basis in a generation film, the technical problem of high rank dillcicnce covering **** 
fonu.i'.ion. and the technical problem that a ground dependency is abolished in film for.nr.tion of o/onc CVD. 
\t»hC 

|Mim:;s lor Solving die Problem] The above-mentioned technical problem is Si source and ( )2 so that oxidization gas. such as ( )2 
or N ; ;' >. and mixed gas mav be introduced using the alkoxidc which has Si-H combination as the Si source and the abb sow 
HANS I : i\;t to of Si-H/Si-OH in a generation film may become 1/? or more. ' > r N20 It is solvable with u means to set up tfm rate 
and !■ ■ four, a -iheon oxide by the plasma CVD method. 

[I uncuon] The alkoxide which has Si-f 1 combination is used for tins invention as the Si soiree This kind of alkoxidc acts so thai 
there mav .ilso be no self-ignition nature at the lime ol' acting so that high rank difference covering natur e may be secured a- a 
propem common to an alkoxide. and touching air, since it had Si-< ) combination in the interior of a molecule, process safety nun 
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, ■ -.el K and bounds and the ,v.« ■ , ^ ™y he kv -eed. ami :■ ,s S^. !l r, , ...thai '.i :^ ^.npare and pwiu.c 

- . "s'-T ^nation included i„ Si source o; " :hi: ir.vc-ni.m is mcorporn::d aU«;:i ;■ generation film h> 

w> ■ ^ in the flow rale of a proper field. Sm* ihe Si-! 1 combination in this h.m works so thai the ra P ot the n oi>na 
du, ■ :s ,,;n. to permeate mav be carrieJ ouu tt act:- -o that the transparent >u the rhv, o::no;,u.ie nta> -k- , rcxen.eJ S.-H 

u...- v, huh exists in a Him front lace works r. ; an uct:ve sit. ,n which surface ret*:, ocuirs eas.h . and U aas so that the 
• • «.( • .-• >\uie formation reaction .11 a f: :a,o ir.ay advance. 1 >n the other hand, a al.ee m-i »1 1 combination ha> . .0^ 
I ■ -„v ends to be connected with a carrv:: con^urd uMi the ox>^ii whtc; :s : rrodncl :n rcactant uas. ai.d ahe. th.^ 

■' ( -md has reached the front face. :t acts >; > that surface reaction c annm aov;r^ eas.ly ana max he.omc : he.etore. m 
„der v peivrm uniform and high-speed film ec.e:,;'/, it :s elective that the S,-H ;o.:.t . vns:t> m » t.om ta.e is hagc. ^ 'j '> 
:„ ec v ' dc:: rv of Si-OH combination is small. , e.. a S,-RSi-01 i ratio Sr.ce H or < >!■■ c,uibme> «,ih most port.™ nil. - ttliiJi 

:, ie combination of a silicon oxide was confused, when the Si-H combination m a ii.rr. :s im.ue u» met ease. Si-( >l I 
■ lim: -,.i,ti.-!i ! ;,s the property of decreasing Mid aec M'dmg to the expermieir. M or more ,-enei .tmn tilm> aa x. that 
,•,„•,•..•! muisture may be prevented. ,,ul thv ai-h sow HANSl I ratio «■: "S.-H/Sr-t 'i ! i: rfs Or.s hln, that a ur-und 
k-ncv n iv be abolished in the ozone CVI) a- ::ii undei lay film. 

il'\f?-e- K- example of this invention is explained ::i delnl »si. lt idruwinn. Tite slv.x-.m : of a plasma CVI> room where H used 
t ;„ L.-.-uiuo-: ot a silicon oxide is shown m dnivvmn . . '. he uise where inme^jaUiy^ 1 - MUicelonli. 1 MM 1, used ,o< M >oukc 
„ ^ ^„a' -s an example TMS was put into the euUrv.r.er made from stainless stee 1 , t:ie liquid s.niree. earncii out hubh me 
:l ' ' ' 1 -',v,-e .as which is a earner gas. an,! ir.tmh.eed it ir.U. t',e CVD room. The :,n T :: .Uue,:ihe e.ntamer ot I MS set the 
lUv Ll | ^degTees C^o^vance mtrogen i: ( :s to O.ZslnUs). In oi-de, that the gn* ;>;;Miig 1mm a umtamer ;o a 1 . \ 1 ) room 
mi,i ■ .pov- adsoqmon and lim.etaction of gas. r attached the temperate yradient -m ! Kept u at t^u- 1( degree, I I MS and 
UK : r.:xed ea- ol()2 and N2 were put in from the ea : inunction I. the subside 4 wi:.: ; . &. .■neier ol 4 mches was pi ..eed I on the 
lowe-- e;eetr:» ie 1 and RF power was impressed between the up electrode Z and the .owe;- e ecinule ?. the treque:K.y ot K ■ set 

- 4! ' - aui C rower to 100W In aJditi.m. the tip electrode 1 and the lower eleetroee sol uj> tf.e posumn n,le P eiulenil\ . 

, t- :v the electrode s]Kieing here set i:iei« in i 2mm. The L'VI) 100,11 :s eq-upped wiih t'ne 111:1 ared :ran>p;aenc\ 
,ipe;f :v " .or :.nalv/ing reactant gas. 

ji 10 \e-: 'he infrared absorption spectrum :>i the time ofrnmuluciug "IVS and Km:*: : : -ned to as P iessu:e A or was s iowii 
,n dX me ■ fins gus is the composition slum u nt Tawimi 2 . and eonlains C-H. Si-i ;. a; : .. Si-t ) Drawing is the ml. ared 
■ibs.,r.r t r<i,-cimm of the veaclant gas of the pkisimi state which impressed RF ! R> ■ j^nwe: cons; Jenr.i: as tb.e pla^ina slate -- 
eu-.vi.rw 1 mtroduetorv E as - I775cm-I - l"nnv.a idelwde (HC.'I K )) - H2« ) by whid l 1 >2 stuck to the 2M^m-i 
iieuiino-hond to the 3740cm- 1 neighborhood, and M-OH eoinbuiatum stuck 10 the sih :;i : ■ the UnOem-l ne.ghb.^iood 
■no-covci 'he IMHlcm-l neighborhood and the I (M.Oem-l ncighborliood - molociile-hke ■. \2i ) It accepts, although ids iHtle. 
luoi I ! \eo an example of the infrared absorpmm spcaaim of the formed sdieon osule ; - ^hown m dnming4.( H: the relation 
!,r a disrhr n oXTgen lOOsccm and 50l)sccm(s). ^****s of abb sow BANSl .' are >e' to 0.1-25. rcspeetivelv. and iUs 
^houn ! dm Midowgen set [ pressure Hon. 12mm of electrode spucings, and the tomev..nee nitrogen gasoi FMs - 0.-s.mt». 
the ^hsint.-'emperature of 350 degrees C. and di tut ton nitrogen gas ] inenir.rur.ous lormaton eonduions to <• - 3!>[-scem. I L< U' 
wine"- <\-CM of the 1660cm- 1 neighborhood and the 3400cm- 1 neighborhood stuck when oxygen was MH)sccm(s) It accepts and 
h ,s b vome a <i -ectrum configuration et|mvale:tl m -he silica oxide at the tune of usin;. I l-.t )S as a raw material, a lien oxvgen ,s 

|insee-it* 1 i^b sow BANSU of Si-t M 1 decrease.; and Si-H is accepted m ihe 2200c.n-l "cighborhood. When oxxgen is set u> 
.Keen 1 iutn u.ows. At this time. Si-t)H decrees to a ven small value, and alb sow DA^Sl" of Si-1 1 and f-H becomes large. 
IV! a-b >*-v i iANSt J of drawing and also the resalt which measured the oxygen flow rne dependency m detail were slum 11 in 
dnw 1- s ' c- - ( )H basis-related abb sow BANS. ; increases with the increase in an oxygen tlow rate, and Si-11 a:u: C-!l 
ti ,v- c ^ v -tl (he increase 111 an oxygen flow rate, fry changing the How rate of TMS and • -\vgcn. it " as continued rial the 

m-.-i - -.f- ! v s,-H combination in the silicon ox;iieH> generate or OH basis is clianee;;ble 

Ion I - ' n-h ^ vs.lane tTES) is in the material 10 M h.ch TMS and the properly were smv.!,r. Altlmugh the same oxygen tlow rate 
de P e-:de,u-e a ; the case of TMS was shown when 1 was used as Si source, when the s.me ll-m rate compared, the result that 
iibb-v. h-Mv^UofC-H in a film was large 2<no ?*.)% was brought. . 
mil I : I W-i ; n order to evaluate the level difference section covering configuration at the time ol using I MS. the cio^ ^xtion oi 
lk ,- -a 'r.io:!, from which the silicon oxide of a tlai part is set to adOmn using a sample wilh a slot wuh a width ol taee | m 
tMin.n = and a depth of 600nm was observed In- SKM. .Judging from the state nUhe m cri-.. :ig ol a level diilerence edge, u lien 
TMS is ised as Si source, a configuration almost equivalent to the case where T».( )S :s n,,-,. is accmred. and ,t is Mi 14. fl tunis 
011itli.it iK-jonfigitratum at the time of usinyi> excelled. " A i,h.,u.k.i 

HH.1- - \ ! ex: ihe oxvgen flow rate dependency of the reliaehve index n of a jcneratuni hln; was shown mdrawimic Although it 
„ ■, , ,1 e vuivaleni to the silicon oxide which used TL-nS as the raw material when an ovvgen tT u rate is large, d an oxvgen 
ilo« ;a,- 1. l.eiea^ed. a refractive index will increase Wher. an oxygen llo\v rale is 2-1 or .,^s ,ec:us. the mcrci.se ir a rclii.ctnc 

l-V^r'^.^^'exi conceiuration The result winch, measured the etch rate of a silicon o> ide wilh dilution I If liquid was shown 
-n diamine - Miice it is usually 10-12 nuvin.n. the silicon oxido fonned by the plasma ( 'VD method which used as the 1 aw 
I|- ac T VO< cun-entlv generally used lor the mufalaver interconnection of I .Si are 2.5 :tm 111:11 ot a thennal nation 1,1m It is 



.. cure ::e;:r precise film. The etch r;ite increased ^'.^Iv.iy ns was shown ii: drawing ~ . when fie .«s\ uen :1o\\ rate \\ as made in 

ju"; 1 w.ijerreswiauee i»l'a ifcneraimj: fi.::; \\.is evaliifK-eJ in <m chaise :•]' the ;v,.*s:\-vri/i.ii»r, omeel \ >) seen to U:c 
125* -;. ; ni vn.-l neighborhood FO S UFO silica ic i;k:>n <1 : S(.. f nflOUnm ofduckness i^dcr >si'.ed on St Mibstralc. an J u is I'Ms 

and N;I 14 ir.i w Two kinds ol' silicon oxides k »l" J ■ v.ir, o; thickness were formed by ahe used plasma C VI ) tnet.iod As a result of 
125 do-vves < '. tuo atmospheric pressure, and (he pressure -cooker ex^min.:':- m of 1 5- r-y.:y< e-.i:i::aiii:e. chaise * T ''=( ' it ,0 
acccr 1 .-.. J h: iK .'.her of the samples, but the ivoj res;:; 1 wns obtained. 

■ . " \e\;. ->.v- result which measured tlu v;\\- c\\'.r.v: , ,\ ;:f ':ic In -:v. face al tlx 1 time of i-s.y.v.v.:* a 4 'my. silicon ovdc In the CVi ) 
u .:ve,: | . : -.( i.S and ozone un this film wa> shown :n drawing in ttsni^i ::s an v.nuerla- ::im (lie smcnn oxide ni r'«'fun of 
iii:ek:.c-;> f -r cd using TMS. The bird clapper :s siow-i u> t-ie value with s;ilTieie:Hi\ sty.;:'.! field l: an ..la my In the iield where an 
oxyiicy, flow rate is small. The ahb sow BANM ratio ol Ni -1 1 Ni-t )H | m / drawing 5 . liou rate / oxyu.cn in 'die f;e=d of 2>u or 
!e-s «-cc: n> • is • • .V It is equivalent to the iield lo cross and this :5e:d is suitaiile as ;n :::h! -jr.'.iv tilni «»f< Voik t VO 1 lie Ihudity 
w.i-* . eep'.ed m the silicon oxide formed In .vi-ik CV'l") at ir.is time, and the outsuinduiL c-'>\er.nc eonli^uraii in wlrefi lias a 
prv; e:(\ in the level difference >cj: vy was acquired 

- ■ i ^ ,\ : ;i is except the ozone t \ I > shown here. \ urt ;viav i':>nu tlie s;l;eor, oxule .;'r::vJ ;n- :ic t. \ 1 ) ai d the ipplieaiinn 
liliii f tiucc ::ieih»xJ for having used the source source of Si .'fan inorganic system rr im :v-iime svstetn on this fi.rh bv usuig as 
an uiuiclay ti'.m the silicon oxide which has Si-1 1 c. i m:v.n;ii;on. 

|ool '. ; :iie;)lioned abtn'e. although explair.ed bv miil-.iny the foniKituui iv.ethnd of f.ie sihion oxide In the parallel plate ivpe 
single cycle plasma C VID metJiud using TMS into example, you may use a 2 cycle p!;:s:na L VI") method and bia> inipcessioii 
lutilviiciisi'.y plasma (electron cyclotron-resonance (efficient consumer response 1 ', iin.iuc.an.jc ennihinalion iyj>c plasma iR'l'i. 
lielie.-:! \\\;\e method plasma, etc. are known ;;s >o;;n:e of plrsma L'V[) by tishilz as Si so:::,:e the alK -xide which Si- 1 1 
Coml ::-..;lii :i. 
|0U2ii 

[IllVec. ->f t.ie imentiont According to this invention, a content ( il l basis is excellent in ;■ moisture iianspaieney picxentiiui 
properly tew. \\\c silicon oxide film which has hi^h r;:nk dilTereiice covering niilurs sinvihaneously can be fnnued. it is 
!iidi- 1 ie:!si;y ;:i)d lou'-eost man ti fact uiv of ihe semie(>:x!u(,'!rc decice nJiicli Ii.js u muliihiyer :)i!ereni;jec!ioJi ts enabled 
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ni;st uipyu in of drawings 

• ;.. ! JesenplMit of (he Drawings) 

ji''i'.ii'.i ,, .ti ': ' ', .\planalory drawing of u plasni.i r^m 

jP'uwng -i ,'he infrared-absorption- spectrum v.cw ufTMS gas. 

[Draun-.g ?>[ The iiiTrared-absorptiun-spectrum view i-i'Uit: readmit gas in plasma CVD. 

J l )r;nvi:;L' 4i The irdrared-absoqmon-speetniiii view ol'lhc silicui! u.xiJe of liiis inver.i^n. 

nit: 5) i >2 of abb sow BANSU of the nwleetilcr binding in a silicon oxide Pioper.v vitw slewing a llow rale dependency. 
| [):•.;'■• i:;g ' uf a refractive index n hvpeyyy \ iew showing u flow raw dependency 

I irav-ir.g "I The property view showing ( >2 !;ow-rcle dependenev nfihe etch rale by ".5^ it acid .solution. 
[Drawing H = ! he property view showing I now -r;):e dependency ofihe field gr<o;ni'.:;j;!y r; Tl J >S-t )} )i);n funned <'ii the silicon 
oxide litis invention. 
|IVsl'mihiii:i of Notations] 

I j A inwa- electrode, A /-- A substrate, 5 - -• R! ; electrode, o /-- The Willi of a CVD room ~ ' -- The aperture tot KiirareJ 
observation. S ;' -- Readmit gas exhaust port, j -- Ris introduction piping. 2 ■■ An up eleeliode, .1 



| Trans!;:! H ■:: d.>iie.| 



1C2-. 



ntti ,v.-. i PC i )P0 3c .p cg-U-n trdfi.-vt t 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 T: : has been translated by compter V :\x tr;"isla!:on may no: rutlect 'he < -: !;_■ in ! precisely 

2 *•'■'* shows the word which can not be tivns'.i'.'.ed 
.Vln the .li .-.\\;::es. any words are not translated 



[Claim : j ;\ie lomiulion method of the silicon oxide charactenzed by ioimme ±c sillco" ^\tdc winch is iin\eJ with the >ource of 
owin.ii ,m.l contains Si-H combination by the plasma CV!) method by nuking into the source of silicon the alkosjdc which ha> 
Si-1 1 co-nh:;ia;ion. 

1 1. hi:::. L| The formation method of a silicon oxiile thi'.L the maximum of abb sow BANS] ' oi'Si-H of ihc-ran^e of Iluucm- 1 | m 
ilk i:,::v.reJ absorption of a generation lilm on claim 1 pubh cation and | to 240'lcn-l is !.'.' ov more of me maximum of abb 
sow i --W'S'. I :>:'Si-t)H ofthe range ol'17i i 'cir.- ! iulWOem-l ' 

| Claim .' | The formation method of a silicon oxide thai ihc aforementioned so.iice of sihcon is inmethuxysikme in claims 1 or 2 
[Claim h j The formation method of the silicon oxide which forms a sihcon oxide by usuic. ihe aforementioned silicon oxide as an 
uiklc'ki*. lryer \v. claims I. 2.ur }. 
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